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General and Physical Chemistry. 

Absolute System of Colours. 11. WILHELM OSTIVALD 
(Zei tsch.  physikal. Chem., 1917, 92, 222-226. Compare A., 1916, 
ii, 205).-The genera1 equation expressing colour in the author's 
system involves three terms connected by the relation 7 + w + s = 1, 
where T refers to a pure colour, 'zu represents white, and s black. 
The determination of the pure colour factor T in ternis of the 
frequency of light in the visible spectrum is discussed, and a table 
is given showing the relation between the frequency and the classi- 
fication of the various colours according to the author's system. 

H. M. D. 

Determination of the Spectrum of a Univalent Poly- 
atomic Ion, and in Particular of the H', Ion. J. STARK 
(Anrz. Physik, 1917, [iv], 52, 221-254).-1n a further attempt t o  
differentiate the carriers which are responsible for the spectra 
which are emitted under different conditions, i t  has been found 
tha t  the many-lined spectrum of hydrogen is to be attributed to 
diatomic hydrogen ions carrying a single positive charge. The 
spectrum in  question is excited in greater intensity by low-speed 
cathode rays (20-50 volts), whereas the canal rays give rise to a 
very feeble emission of the many-lined spectrum. It is not yet 
known whether the  visible spectrum attributable t o  the H,' ions 
is accompanied by a characteristic emission in the ultra-red o r  in 
the ultra-violet. 

The above-mentioned spectrum of the univalent diatomic 
hydrogen ion is discussed in reference to the spectra emitted by 
the  univalent, monatomic hydrogen ion, the hydrogen atom, and 
the hydrogen molecule. H. M. D. 

The Emission of a Continuous Spectrum in the Combina- 
tion of an Electron with a Positive Ion. J. STARK ( A m .  
Physik, 1917, [iv], 52, 255-275).-The fact t ha t  hydrogen gives 
rise to a continuous spectral emission in the near ultra-violet has 
been noted by several observers, b u t  the conditions under which 
this is obtained have not previously been submitted to investiga- 
tion. New experiments show tha t  there are two continuous 
hydrogen spectra, one of which is situated in the ultra-violet a t  
about h 2500 and the  other in the bluish-violet region. The 
emission phenomena in  question are associated with the presence 
of positively charged ions in  the gas, the bluish-violet spectrum 
being connected with the  H,' ion and the ultra-violet with the  
H' ion. The intensity of the two spectra is greatest under con- 
ditions in which combination between electrons and positive ions 
is of greatest frequency. The bluish-violet emission is accordingly 
of high intensity in the  blue layer a t  the commencement of the 
VOL. uxrr. ii. 14 
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positive column, whilst the ultra-violet continuous spectrum is 
emitted in high intensity by the hydrogen canal rays. 

Continuous spectra are also emitted by the vapours of the alkali 
and alkaline earth metals, cadmium, and mercury, and in these 
cases also thO emission is dependent on the presence of positively 
charged met'al ions. The frequency with which these ions combine 
with electrons determines the intensity of the continuous spectra, 
and these are accordingly emitted by the positive column in glow 
discharge through the vapour, and in the case of the alkali and 
alkaline earth metals by the Bunseii and oxyhydrogen flames in 
which the vapours are present. 

It is suggested that all the elements will probably give rise to 
a continuous emission spectrum of the above-mentioned type under 
favourable conditions. According to the nature of the element, 
this spectrum may be situated in the visible, ultra-red, or  ultra- 
violet region. €I. 151. D. 

Spectroscopic Observations on the Active Modification 
of Nitrogen. V. Hon. R. J. STRUTT (Proc. Roy. Soc., 1917, 
[ A ] ,  93, 254--267).-The faint red bands A 6394.45, A 6468.53, 
A 6544.81, and h 6623.52 observed in the spectrum of the nitrogen 
afterglow have been further examined under conditions which 
preclude the possibility that they are to be attributed to the light 
of stray discharges in the obse;.-vation tube. These bands, which 
belong to the a-group, are found in undiminished intensity when 
stray electric discharges are rigidly excluded, and are theref ore 
characteristic of the afterglow spectrum. 

The P- and y-groups of bands appear in most cases with the same 
relative intensities, and i t  has been previously suggested that they 
are both due to oxides of nitrogen. The brightness of the visual 
afterglow (a-group) is enhanced in presence of small quantities 
of other substances which act as catalysts, and it is found that 
those substances which yield oxygen increase the intensity of the 
P-group, whilst catalysts which do not yield oxygen brighten up 
the visual afterglow, but have no influence on the intensity of the 
P- and y-groups of bands. By subjecting the nitrogen used to the 
actJon of a concentrated alkaline solution of pyrogallol and of 
phosphoric oxide in order t o  remove oxygen, carbon dioxide, and 
water as far as possible, it has been found that the intensity of 
the P- and y-groups of bands is greatly reduced. From experi- 
ments with nitrogen purified in this manner, it appears that t*he 
addition of oxygen or nitric oxide to the afterglow brings out the 
8- and y-bands with a certain relative intensity. The addition of 
carbon dioxide gives greater relative intensity to the 8-bands and 
carbon monoxide to  the y-bands. The addition of sufficient quanti- 
ties of nitric oxide or nitrogen peroxide to the afterglow causes 
the B- and y-groups to disappear, and a visually greenish, continuous 
spectrum is then obtained. The same spectrum, together with the 
y-, but  not the fl-group, appears when nitric oxide is passed into 
a blow-pipe flame. 

The introduction of oxygen into the afterglow is not accom- 
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panied by any measurable oxidation, and for this reason it does 
not seem possible t o  attribute the P- and y-groups of bands to 
nitric oxide. H. M. D. 

The L-Series of the Elements of High Atomic Weights. 
R. LEDOUX-LEBARD and A.  DAUVILLIER (Compt. ?-end., 1917, 1 6 4 ,  
687-690. Compare Moseley, A., 1914, ii, 14; and Barnes, A., 
1915, ii, 658).-A study of the L-series of radiations in the cases 
of tungsten, iridium, platinum, and gold. The series comprises 
nine rays, which occur independently of the mode of generation 
of the electrons. The results verify the law v=A(iV-7*4)2, v 
being the frequency, N the atomic number of the radiator, and A 
a constant. Plotting N against .\/< all the rays of the series 
appear t o  lie on st,raight lines, but the homologous rays of the 
central part of the series are not similar in intensity. The intense 
rays for tungsten are numbers 4 and 6, and for iridium, platinum, 
and gold 4 and 5. W. G. 

Quantitative Absorption Spectra. 11. A New Ultra- 
violet Photometer. FREDERICK RUSSELL LANKSHEAR (iklevz. Man- 
Chester PhiZ. SOC., 1916, 6 0 ,  No. 10, 1 - 4 .  Compare A., 1915, 
ii, 605).-The photometer described is of the sector type, differing 
from previous instruments, however, in that the sector has a single 
semicircular aperture the diameter of which passes through the 
centre of the circular sector. By means of a disk with a corre- 
sponding aperture, which rotates on the face of the sector wheel, 
the aperture of the sector may be varied a t  will. 

The Ultra-violet Transparency of certain Coloured 
Media. H. W. L. ABSALOM (Phil. Mag., 191’7, [vi], 33, 450-455). 
-In the search f o r  a substance opaque to the yellow region but 
transparent to the ultra-violet portion of the spectrum, the author 
has examined a number of coloured minerals and precious stones. 
Blue rock-salt from Stassfurt was found to  transmit ultra-violet 
rays down to ~ 2 2 5 0 ,  and the same degree of transparency was 
found for sylvite and for rock-salt and sylvite which had been 
coloured by the action of cathode rays. 

Since the colour of blue rock-salt has been attributed to colloidal 
sodium, the investigation was extended to the blue solutions of 
metals in liquid ammonia. The most stable of these is the blue 
magnesium solution, which was found to transmit ultra-violet rays 
down to ~ 2 4 4 2 .  The limit of transmission for  liquid ammonia is 
h 2393. 

These results would seem to ghow that ultra-violet transparency 
in a coloured mineral is favourable to th8 view that the colour is 
to be attributed to the presence of a colloidal metal. 

Absorption of the Ultra-violet Rays by the Iodo-deriv- 
atives of Methane. G. MASSOL and A. FAUCON (Compt. rend., 
1917, 1 6 4 ,  813--816).-Iodine in alcoholic solution shows three 
absorption bands, namely: (1) from h=495 to h=420 (max. 

H. M. D. 

H. M. D. 

14-2 
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h=470-465); (2) from h=389 to h=339 (max. h=355); 
(3) from ~ = 3 0 0  to h=275 (max. h=288-287). The four iodo- 
derivatives of methane show the selective absorptive properties of 
iodine, bu t  coiisiderably modified, so tha t  each derivative shows 
a particular spectrum. The first band of free iodine is not shown 
by any of the  four iodo-derivatives of methane. The second band 
is shown by carbon tetraiodide and iodoform, bu t  considerably 
broadened in the direction of increasing values of A and with its 
maximum slightly displaced. The third band is found with carbon 
tehaiodide and iodoform slightly broadened towards the shorter 
wave-lengths, and in the case of di-iodomethane it occurs as a 
band stretching from h=330 t o  X=262, with a maximum a t  
h=288. With methyl iodide, a new band occurs a t  h=270 to 
h=240, having its maximum a t  h=250. W. G.  

Spectrographic Investigations of Azole Derivatives. I. 
Pyrazole and its Derivatives. N. A. KOZANOV (J. Russ. Phys. 
Gheni. SOC., 1916, 48, 1221--1250).-The author has investigated 
the absorption spectra of the  following compounds : pyrazole, 
pyrazoline, 5-chloro-3-methylpyrazole, 3 : 5-dimethylpyrazole, 1 : 3 : 5- 
trimethylpyrazole, 3 : 4 : 5-trimethylpyrazole, 4-nitro-3 : 5-dimethyl- 
pyrazole, l-phenylpyrazole, 3 : 5-diphenylpyrazole, 5-chloro-3- 
phenylpyrazole, 5-chloro-l-phenyi-3-methylpyrazole, 3-chloro-l-o- 
tolyl-5-methylpyrazole, 5-chloro-l-o-tolyl-3-methylpyrazole, 5-chloro- 
1-o-tolyl-3 : 4-dimethylpyrazole, pyrazolone, 3-methyl-5-pyrazolone, 
3-phenyl-5-pyrazolone, l-phenyl-5-pyrazolone, 3-chloro-l-phenyl-5- 
pyrazolone, l-phenyl-3-methyl-5-pyrazolone, I-ptolyl-3-methyl-5- 
pyrazolone, 1-o-tolyl-3 : 4-dimethyl-5-pyrazolone, l-phenyl-2 : 3- 
dimethyl-5-pyrazolone, l-o-tolyl-3-methyl-5-pyrazolone, 3-hydroxy- 
l-phenyl-5-pyrazolone, l-phenyl-5-methyl-3-pyrazolone, l-o-tolyl-5- 
methyl-3-pyrazolone7 l-pbromophenyl-5-methyl-3-pyrazolone, l-m- 
nit rop henyl-5-me t hyl-3-pyrazolone, 4-ai tro-1 -pn i  t rophenyl-3-m e t hyl- 
5-pyrazolone, glyoxaline, and thiazole. From the results obtained, 
which are expressed as both curves and tables, the following con- 
clusions are drawn. 

The slight absorption of an open, saturated chain is changed 
very little by closure of the ring, the degree of absorption of 
pentane and cyclopentane being one and the  same. Introduction 
of an  unsaturated nitrogen atom, and consequently of a double link- 
ing into the ring, intensifies the absorption. Eexane and cyclo- 
hexane show weak absorption, cyclohexeiie and cyclohexadiene in- 
creasing general absorption, and benzene pronounced selective 
absorption with seven absorption bands. If selective absorption is 
explained as due to  certain vibrations of the chemical molecule 
about a position of equilibrium, these occurring readily only with 
compounds of unsaturated character with an odd number of un- 
saturated groups (compare Baly and Collie, T., 1905, 87, 1332), 
the introduction into the benzene nucleus of a new unsaturated 
group, such as the element nitrogen, should cause weakening of the 
oscillations and simultaneous diminution of the selective absorp 
tion; this is actually found to be the case, pyridine exhibiting ollly 
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one absorption band. Contrary t o  expectation, introduction of a 
second nitrogen atom into the benzene nucleus does not enhance 
this effect, the intensity of the absorption bands with pyrazine 
being almost the same as with pyridine. It seems that, owing to 
the non-contiguity of the unsaturated elements, the vibrations of 
the molecule are not brought completely to a position of equil- 
ibrium, so that the selective absorption persists. 

Confirmation of these relations is found with five-membered 
rings. Pyrrole exhibits greater absorption than cyclopentane, and, 
as should be the case with a compound containing an odd number 
of unsaturated linkings, slight selective absorption. That intro- 
duction of a second nitrogen atom contiguous to the first into the 
pyrrole nucleus results in the annulment of the selective absorp- 
tion is shown by the data for pyrazole and the simplest, of its 
derivatives with saturated substituents. If, however, the second 
nitrogen atom introduced into the pyrrole is not adjacent to the 
first, the vibration should reappear, and, as is actually the case 
with glyoxaline, selective absorption be exhibited. 
The results accompanying introduction of the unsaturated 

element sulphur into the glyoxaline molecule, and conversion of 
the latter into thiazole, which exhibits general absorption, are in 
contradiction to the above considerations, since, according to the 
latter, thiazole should exhibit selective absorption. Explanation 
of this point requires the investigation of a number of compounds 
of this type, including thiazole itself, of which the author had only 
a little a t  his disposal. 

When the degree of unsaturation of pyrazole is diminished, as 
with pyrazoline, the extent of the absorption decreases. The un- 
saturated character of pyrazole compounds persists, however, on 
formation of salts, which give the same absorption curves as the 
corresponding bases, except for small alterations in the case of 
5-chloro-3-phenylpyrazole. Introduction of auxochrome groups of 
the aliphatic series into the pyrazole nucleus results only in the 
displacement of the curves tcj the visible part of the spectrum, 
such displacement being most pronounced with the ortho-deriv- 
atives. I f  aromatic groups or the unsaturated nitro-group are 
inserted, absorption bands appear. 

As regards oxygenated derivatives of pyrazole, pyrazolone gives 
an absorption band remaining constant on addition of alkali, so 
that  only the ketonic grouping is t o  be attributed to it. If deriv- 
atives of pyrazolone do not give absorption bands, they must be 
regarded as derived from the iminic grouping of pyrazole. 
Hydroxy-derivatives of pyrazolone should react in two  tautomeric 
forms, the ketonic and the enolic, and that this actually happens 
is shown by the alteration of the absorption curves on addition of 
alkali. Derivatives of 3-pyrazolone show curves very similar t o  
that  for  1-phenyl-2 : 3-dimethyl-5-pyrazolone (antipyrine), and 
should possess an iminic grouping, unalterable by alkali or acid ; 
in general, these compounds absorb more strongly than the corre- 
sponding 5-pyrazolones. 

The introduction of nitro-groups into the pyrazolone molecule 
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causes marked change in the absorption curve, this being con- 
nected with tautomeric transformation of the pyrazolonic group- 
ing, since the compounds obtained are capable of salt formation, 
this being exhibited clearly in the case of picrolonic acid. 

The auxochrome theory of colour is confirmed in the derivatives 
of pyrazole. The groups :N*NH*, *N:CH*NH*, and *S*CH:N* 
are markedly chromophoric, tho cause of this lying in the un- 
saturated nature, not only of the nitrogen itself, but of the whole 
group in general, since otherwise the formation of salts would 
exert an influence on the spectrographic curves. T. n. P. 

Optical Activity of Proteins, Enzymes, Toxins, and 
Serums. M. A. RAKUZIN ( J .  RZLSS. Phys. Chenz. SOC., 1916, 48, 
1251--1294>.-The author has collected from all sources data 
which have been obtained relative to  the optical activity of animal 
and vegetable proteins and their derivatives, enzymes, toxins, and 
an ti-ser ums. T. H. P. 

Rate of Diffusion and Diameter of the Atom of Radium 
Emanation. ELISABETH R ~ N A  (Zeitsch. physiknl. C'hem., 1917, 92, 
213--219).-The rate of diffusion of radium emanation in water, 
ethyl alcohol, benzene, and toluene is determined. From the 
diffusion constant D, the diameter S of the atom is calculated 
from the formula S=RT/67rNqD, in which N is the Avogadro 
constant=6*2 x 1023 and q the viscosity of the solvent. The values 
thus obtained are 1.75, 0.63, 1.30, and 1.24 x 10-8 in water, ethyl 
alcohol, benzene, and toluene respectively. The differences between 
the several values are attributed to the lack of proportionality 
between the diffusion constant and the viscosity. 

It is t o  be noted that the diffusion constants given by the 
author's measurements are very much larger than those previously 
obtained by Wallstabe (Physikal. Zeitsch., 1903, 4, 721). 

H. M. D. 

Rontgen-investigation of Allotropic Forms. J. OLIE, jun., 
and A. J. BYL (Proc.  R. Akad. Wetenach. Amsterdam, 1917, 19, 
920-922).-According to Debye and Scherrer (Physilzal. Zeitsch., 
1916, 17, 277), secondary-ray interference figures are obtained 
when a finely divided, crystalline or quasi-amorphous substance in 
the form of a thin disk is subjected to the action of homogeneous 
X-rays. From the nature of the interference figure, conclusions 
may be drawn relative to the crystalline form of the substance in 
question. 

The question of the behaviour OF allotropic forms of the same 
substance has been examined by observations on the interference 
figures given by disks of compressed graphite and diamond powder. 
By the action of copper rays (A = 1.549 x l O - S ) ,  interference figures 
of markedly different type were obtained with these two forms of 
carbon. H. M. D. 
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Kinetic Hypothesis to Explain the Function of Electrons 
in the Chemical Combination of Atoms. WILLIAM A. NOYES 
(J. Amer. Chem. SOC., 1917, 39, 879--882).-A theoretical paper 
in which a brief review is given of the views held from the time 
of Berzelius down to the present day, of the connexion hetween 
electricity and matter. On the basis of the two generally held 
assumptions, the author puts forward an hypothesis to explain the 
function of the electron in chemical combination. On the assump- 
tions (1) that  the atoms are of a complex structure made up of 
positive nuclei and electrons, of which the latter are in rapid 
motion and have a velocity of about sixty times tha t  of the 
hydrogen molecule, and (2) that  the electrons are of two kinds in 
their relation to the structure of the atom, some of them being 
so involved in their orbits among the positive nuclei that  they 
can never escape from the atom, and others, valency electrons, 
being transferable to other atoms, the author explains chemical 
combination in the following way. When two atoms, A and B, 
which have affinity f o r  one another are brought together, a valency 
electron rotating round a positive nucleus in A may find a positive 
nucleus in B sufficiently close to  include the latter in its orbit, and 
it may then continue to describe an orbit about both positive 
nuclei. During that  portion of the orbit within B, B would 
become, on the whole, negative, whilst A would be positive. 
During the other part of the orbit, each atom would be electric- 
ally neutral, and the atoms might fall apart. Remembering the 
rapidity of the motion of the electron when compared with that  
of the atom, it appears that? the motion of an electron in such 
an orbit might hold two atoms together. I n  ionisation, the electron 
would rotate about the nucleus of the negative atom, leaving the 
other atom positive. This hypothesis may be used to account for 
the localisation of the affinities in particular parts of the atoms, 
which is indicated by many organic compounds. J. F. S. 

Electrical Conductivities of Dilute Sodium, Potassium, 
and Lithium Amalgams. THOMAS B. HINE (J .  Amer. Chenz. SOC., 
1917, 39, 882--895).-With the object of gaining an insight into 
the mechanism of the electrical conduction of metals, the author 
has determined the resistance of dilute amalgams of sodium, 
potassium, and lithium. The dilute amalgams were prepared from 
a concentrated amalgam of known composition in each case by 
adding measured volumes of mercury to it. The concentrated 
amalgams were prepared by the electrolysis of the alkali carbonates, 
using a pure mercury cathode. I n  the case of sodium, eleven 
different amalgams were measured, varying from 0.9 to 4.9 atoms %. 
The addition of sodium to  mercury up to 2.40 atoms % increased 
the resistance, after which the value decreases again, and at  4.916 
atoms % has practically reached the original mercury value. Seven 
determinations were made with lithium amalgams containing from 
0.03 to 0.82 atom %; in this case the resistance decreases continu- 
ously with the addition of lithium. Seven determinations were 
also made with potassium amalgam containing from 0.058 to 1.186 
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atoms %. The resistance increases continuously with the addition 
of potassium. These results are considered from the point of view 
of the electron theory of conduction, and it is shown that the 
mechanism of conduction in the case of t,hese amalgams is more 
complicated than that presented by the drift of free electrons due 
to an E.31.F. superimposed upon their disordered thermal motion. 

J. F. S. 

Conductivity Measurements on Oxidation-reduction Re- 
actions. GRAHAM EDGAR (J. Anzer. Chem. SOC., 1917, 39, 
914-928).-Conductivity measurements have been made of solu- 
tions of ferrous sulphate which is being oxidised by the addition 
of potassium dichromate solution, and of potassium dichromate 
which is being reduced by the addition of ferrous sulphate. The 
measurements were made both in the presence of hydrochloric acid 
and sulphuric acid. I n  all cases reaction-conductivity curves are 
given, and the end-point of the reaction ascertained. I n  the oxida- 
tion of ferrous sulphate, i t  is shown that' the curves are of the 
same general type as is observed in the neutralisation of an acid 
by a weak base, o r  of a base by a weak acid. The conductivity 
drops during the progress of the reaction, and then changes very 
little with an excess of dichromate. The conductivity may rise 
slightly, fall slightly, o r  remain constant after the end-point has 
been passed, depending on the acidity of the solution. The reason 
for the drop in the conductivity during the progress of the reaction 
is given by the equation 

GFe+ + + Cr20," + 14H+ = 6Fe+ + + + 2Cr++ + + 7H,O. 
The concentration of the hydrogen ion falls during the reaction, 
and since the hydrogen ion in these strongly acid solutions carries 
most of the current, the conductivity must fall with it. After 
the end-point is reached, further addition of dichromate causes 
little change in the conductivity. The curves both before and 
after the end-point is reached are linear within the limits of 
experimental error. I n  the reverse action, that  is, the reduction 
of potassium dichromate, the shape of the curve differs with 
different experimental conditions. If an acidified solution of 
potassium dichromate is titrated with ferrous sulphate to which 
no acid has been added, the curves are identical with those already 
described, but if to the ferrous sulphate such a quantity of acid 
has been added t o  make the solution of the same normality, both 
with regard to acid and ferrous iron, then the curve drops very 
slowly to the end-point and then rises steeply. A few preliminary 
results are given of the conductivity of .ferrous sulphate solution 
which is being oxidised by potassium permanganate. On the 
whole, the conductivity reaction curves are the same as those 
obtained for dichromate, although the slope is not quite so great 
in this case. I n  these determinations, the permanganate must be 
added very slowly, particularly towards the end of the reaction. 
The influence of a number of factors on the conductivity reaction 
curves is discussed. J. F. S. 
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Electrical Conductivity of Several Salts in Pyridine. 
J. HOWARD MATHEWS and ALFRED J. JOHNSON ( J .  Physiccrl Chem.,  
1917, 21, 294-310).-The electrical conductivity of lead nitrate, 
silver sulphate, copper acetate, silver thiocyanate, silver cyanide, 
and silver chloride has been determined at, 2 5 O ,  and in  the first 
two cases a t  Oo, in pyridine solutions over a long range of con- 
centration. The authors show t h a t  electrolytes fall into four 
classes : (1) those fo r  which the equivalent conductivity curve rises 
rapidly in  the more concentrated solutions and becomes asymptotic 
in the more dilute solutions; (2) those for which the conductivity 
increases more rapidly in the  dilute solutions; (3) those which 
give minimum values for the equivalent conductivity; and (4) 
those which show an  irregularity in their equivalent conductivity 
curves. The curves for silver sulphate, copper acetate, silver thio- 
cyanate, and lead nitrate show an increase in the conductivity 
with increasing dilution without any indication of a maximum 
value being apparent. The curves for silver cyanide become almost 
parallel with the volume axis a t  intermediate dilutions, whilst 
silver chloride exhibits the same type of curve in a less marked 
degree. A r6sum6 of the more recent hypotheses put  forward to 
explain the anomalies found in  electrical conductivity of salts in 
pyridine solution is given, and these hypotheses are discussed in 
the paper. J. F. S. 

Potential of the Hydrogen Electrode at Different Pressures. 
N. E. LOOMIS, C. N. MYERS, and S. F. ACREE ( J .  I'hysicnl Chem., 
1917, 21, 334--337).:The authors have undertaken the investi- 
gation of the hydrogen potential under different pressure condi- 
tions; in the  present note they detail the various factors which 
have to be taken into account in the work. J. F. S. 

Electromotive Forces and Electrode Potentials in Pure 
and Mixed Solvents. 11. F. S. MORTIMER and J. N. PEARCE 
( J .  Physical Chem., 1917, 21, 275-293. Compare A., 1915, ii, 7). 
-The electrode potentials AgIAg' have been determined a t  Oo 
and 25O for solutions of silver nitrate in water, methyl alcohol, 
ethyl alcohol, pyridine, and binary mixtures of these solvents a t  
a series of different concentrations. The dielectric constant has 
also been determined for the pure and mixed solvents. It is shown 
t h a t  the electrode potentials of silver are much higher for solu- 
tions in water and the two alcohols than for equivalent concentra- 
tions in pyridine. For any given concentration of silver nitrate, 
the E.P. increases with the decrease in the amount. of pyridine 
present in  the  solvent. This increase is very gradual until 75% 
of the pyridine has been replaced by the second solvent. I n  the 
case of mixtures of pyridine with water or methyl alcohol, the 
dielectric constant increases, a t  first rather slowly with decrease in 
the percentage of pyridine, and then more rapidly with further 
decrease in the  pyridine content. I n  all solvents, pure or mixed, 
the  E.P. values increase with increasing concentration of the 
salt. The E.M.F. of all possible concentration cells in each of the  
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pure and mixed solvents has been determined, and the values 
determined are shown t'o agree with those calculated from the 
E.M.F. values of solutions in the pure solvents in the case of water 
and the two alcohols; in the case of pyridine, however, the values 
calculated for the concentration cells from conductivity data do 
not even approximately agree with the experimentally determined 
E.M.F. values. Hence it is concluded that either the Nernst 
equation does not hold f o r  concentration cells in pyridine or the 
electrical conductivity of these solutions is in no sense a measure 
of the degree of ionisation. The following values of the solution 
pressure of silver have been calculated from the experimental 
data:  water, 2.46 x 10-17 atms. ; ethyl alcohol, 2-02 x 10-18 atms. ; 
methyl alcohol, 3-55 x 10-19 atms. ; and pyridine, 1.77 x 10-10 atms. 
The heat of ionisation is calculated in the case of all solutions; for 
the pure solvents the following values are obtained: in water, 
23,728 cal.; in  pyridine, 3726 cal.; in ethyl alcohol, 21,472 cal.; 
and in methyl alcohol, 22,400 cal. The following dielectric con- 
stants have been obtained: water, 80.5; 75% water, 25% pyridine, 
56.9; 50% water, 50% pyridine, 41.1; 25% wat'er, 75% pyridine, 
31.5 ; pyridine, 11.2 ; methyl alcohol, 32.8 ; 75% methyl alcohol, 
25% pyridine, 24.5; 50% methyl alcohol, 50% pyridine, 18.2. 

J. F. S. 

The Theory of Overvoltage. EDGAR NEWBERY (Mem. Man- 
Chester Phd. SOC., 1916, 60, No. 11, 1-34. Compare T., 1914, 
105, 2434; 1916, 109, 1051, 1066, 1107).-An account is given of 
the phenomena of overvoltage, the factors on which it depends, the 
methods of measuring the effect, and the theories which have been 
put forward to account for overvoltage. 

None of these theories is in agreement with all the facts a t  
present known, and a new theory is suggested which includes 
certain ideas involved in the older theories of Nernst, Le Blanc, 
and Foerster. According to this, the overvoltage effect a t  the 
surface of a metal is determined by four factors, defined as (1) 
supersaturation of the metal surface with gas in consequence of 
the permeability of the metal to the ionised gas and its impermea- 
bility t o  non-electrified gas molecules, and, further, of the spon- 
taneous decomposition of the alloys which are formed by the metal 
and the gas in question; (2) formation,of alloys or solid solutions 
a t  the elect'rode surface ; (3) relative concentration of non-hydrated 
ions, charged and discharged, a t  the metal surface; (4) inductive 
action of the escaping ionised gas on the electrode; 

[The Passive Condition of Metals.] J. STAPENHORST (Zeitsch. 
physikal. Chem., 1917, 92, 238--254).-1n explanation of the rela- 
tion between the active and passive states of a metal, it has been 
suggested that hydrogen and oxygen act as catalysts in promoting 
the transformation of one form of the metal into the other. A 
number of experiments are described in which the author seeks to  
distinguish between the hydrogen and oxygen theories as applio- 
able to certain metals which show the phenomenon in question. 

H. M. D. 
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Iron which has been rendered passive by the action of chromic 
acid becomes active under the influence of hydrogen dissolved in 
the metal. I n  this experiment, the hydrogen was generated 
electrolytically on the opposite side of a thin iron plate, the 
hydrogen diffusing through the plate t o  the surface in contact with 
the chromic acid solution. It is shown that this change cannot be 
explained by the removal of dissolved oxygen or by the destruc- 
tion of an oxide film. Under suitable conditions, the reverse 
change may be brought about by the diffusion of nascent oxygen. 

The potential assumed by a metal in a neutral electrolyte depends 
on the quantity of oxygen present in the electrolyte solution. I f  
the surface of the metal is renewed by grinding with an emery- 
wheel, the potential changes from that characteristic of the passive 
form to the value peculiar to  the active form of the metal. 
Hydrogen and nitrogen tend to preserve the potential of the active 
form, but otherwise behave as indifferent gases. Oxygen, on the 
other hand, is not an .indifferent gas. Both in the gaseous and 
dissolved states it exercises a very considerable influence on the 
electrode potential and conduces to the appearance and maintsn- 
ance of the passive condition. H. M. D. 

The Concentration of the Electrolytes in the Neighbour- 
hood of the Electrodes. ST. PROCOPIU (Compt. rend., 1917, 164, 
725-727).-1t has previously been shown that in addition t o  the 
Helmholtz-Lippmann double layer round the electrode, there is 
another layer of electrolyte of concentration different from that of 
the mass of liquid (compare A., 1915, ii, 816). A formula is now 
given for determining the thickness of this layer, namely, 
~ ~ = x , e ' ~ / ~ ,  where x1 is the thickness of this layer, xo is the thick- 
ness of the double layer, k the dielectric constant of the solvent, 
v the E.M.F. produced by displacement of the electrode, and v is 
the potential, metal-liquid. A comparative idea of the thickness 
of this second layer ;'s obtained by determining how soon the 
E.M.F., produced by the movement of the electrode, disappears. 

W. G. 

Examples of Electrolysis with Alternating Current. A. 
Rfus Y MIRO (Anal.  Fis. Quim., 1917, 15, 182--191).-An account 
of electrolyses carried out with alternating currents of different 
frequencies in dilute solutions of sulphuric acid, hydrochloric acid, 
and sodium hydroxide, electrodes of copper, iron, and aluminium 
being employed. A. J. W. 

G. GOUY ( A m .  Physique, 
1917, [ix], 7, 129--184).-A theoretical discussion of results previ- 
ously published (compare A., 1906, ii, 652, 725; 1908, ii, 654; 1916, 
ii, 550). W. G. 

The Cooling of Different Metals by Immersion in Water. 
GARVIN and A. PORTEVIN (Compt.  rend., 1917, 164, 783-786).- 
A study of the cooling curves of silver, aluminium, nickel, and a 

The Electro-capillary Function. 

14*-2 
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nickel-steel containing 30% of nickel, the metals being used in  
the form of homothetic cylinders, the diameter varying between 
8 nim. and 20 mm. and the length equal t o  3d., the metals being 
tempered in a current of water a t  high temperatures. The work 
was carried out under the conditions formulated by Le Chatelier 
(compare B e v .  de M6taZZzwgie, 1904, 1, 475) and realised by Bene- 
dicks (compare J .  Zron Steel Ilzst., 1908, 153). The results and 
curves, which will be published in another communication, show 
tha t  concordant curves are obtained for the samples which cool 
slowly, bu t  for the others considerable variation is found. The 
curves show a pointl of inflexion corresponding with the  commence- 
ment of tempering. Beyond this point the curves do not appear t o  
obey a mathematical law, as suggested by MacCance (compare 
J .  Irou Steel Inst., 1914, 89, 192). The velocity of cooling in- 
creases slightly when the temperature of t'empering is raised. 

W. G.  

Cooling Curves of Ternary and Quaternary Mixtures. 
N. PARRAVANO and C. MAZZETTI (Gazzetta,  1917, 47, i, 133-143). 
-Cooling curves of mixtures often fail t o  present distinctly the dis- 
continuities which are characteristic of them, and are utilised 
for constructing diagrams of state. Of the various causes contri- 
buting to this failure, the form of the melting-point diagram of 
the series to which a mixture! belongs and the position of the 
mixture in  this series have been insufficiently considered. Hane- 
mann (A., 1915, ii, 413) has, however, shown that,  with binary 
mixtures it is possible generally to establish the  influence exerted 
on the form assumed by the cooling curves by the form of the  
diagram and the position of the' mixture, in it. The authors now 
indicate, with the help of figures, how the  form which may be 
expected f o r  the cooling curves of ternary and quaternary mix- 
tures may ble established when the diagram of state is known; in 
some cases the  deductions usually drawn from the discontinuities 
observed in the  cooling curves are found to be inaccurate. 

T. H. P. 

A Statistical Study of Organic Series. W. E. FORBES 
(C'hcrn. Wewjs, 1917, 115, 229).-By comparing the so-called coeffi- 
cients of variation of the boiling point f o r  various homologous 
series it is found tha t  the value f o r  the paraffin hydrocarbons is 
much greater than the values for the alcohols, fatty acids, and the  
benzene aeries of hydrocarbons. The difference1 shown by the 
paraffin and the benzene series ,of hydrocarbons is supposed to be 
connected with the structure of the  benzene nucleus. H. M. D. 

Heat of, Formation of Ferrous Sulphide. N. PARRAVANO 
and P. DE CESARIS (Gazzetta,  1917, 47, i, 144--149).-The authors 
have determined the' heat of formation of ferrous sulphide calori- 
metrically, the1 reaction between finely divided reduced iron and 
sulphur being initiated by a platinum wire electrically heated. 
The numher of cals. generated per 1 gram of ferrous sulphide 
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varied from 258.2 to 266.0, the mean being 262.4 and the molecular 
heat 23,070 cals. For the precipitated sulphide, Berthelot found 
24,000 and Thomsen 23,780 cals. 

Neglecting the small thermal change accompanying the  polymor- 
phic transformation of ferrous sulpliide a t  298O, the  dissociation 
pressures for ferrous sulphide and manganese sulphide are calcu- 
lated from the  Nernst formula, log p =  - Q/4*571T+ 1.75 log T +  3, 
for the  temperatures 800°, 900°, 1000°, and l l O O o ,  the  values for 
the latter being much smaller than those for t he  former a t  the same 
temperature. Consequently, the reaction FeS+  Mn = MnS + Fe  
should take place, as is indeed knqwn t o  be the case. T. H. P. 

Molecular Condition of Pure Liquids. 11. P. N. PAVLOV 
( J .  Buss. I’hys. Cheni. Soc., 1916, 48, 1175-1196. Compare this 
vol., ii, 125).-The considerations previously developed show tha t  
Kistiakovski’s rule (A., 1906, ii, 655; 1913, ii, 837) is quite inapplic- 
able to the  investigation of the molecular constitution of liquids. 

A number of further conclusions are deduced, the principal ones 
being as follows. The molecular volumes of normal liquids a t  
corresponding temperatures (in corresponding states) are equal. 
Equal volumes of normal liquids a t  identical reduced temperatures 
and pressures contain equal numbers of molecules. Further,  normal 
liquids and their saturated vapours under corresponding condi- 
tions possess those structural peculiarities which Avogadro dis- 
covered for gases (ideal) a t  identical absolute temperatures and 
pressures. The t rue  molecular volumes of all liquids (normal and 
abnormal) a t  corresponding temperatures and under the pressure 
of their saturated vapours are equal. 

The ratio, V , :  V ,  of the molecular volume of an  abnormal liquid 
t o  tha t  of a normal liquid a t  the corresponding temperature is 
termed the  abnormality number, S, and abnormal liquids are asso- 
ciated or dissociated according as X is less than o r  greater than 
unity. I n  investigating the  molecular volumes of liquids, these are 
compared with the  values for carbon tetrachloride a t  the corre- 
sponding temperatures, and use is made of functions of the form 
yvn /T  or of some other function containing y. 

The values of N have been calculated, and are tabulated, for 
108 elements and compounds, of which only four, namely, carbon 
tetrachloride, ether, ethyl acetate, and propyl formate, exhibit 
normal molecular volumes. The data for homologous series show 
tha t  the  accumulation of mass in a molecule diminishes the associa- 
tion and increases the  dissociation of liquids. Thus, methane is 
strongly associated, n-pentane dissociated, n-hexane more disso- 
ciated, and 72-heptane still more dissociated. Further, benzene is 
associated, toluene dissociated, xylene more dissociated, and mesi- 
tylene and durene still more dissociated. A similar relation holds 
for the  series water, methyl, ethyl, propyl, butyl, and isoamyl 
alcohols, for  the series of carboxylic acids, esters, etc., and for such 
series as benzene, fluorobenzene, chlorobenzene, bromobenzene, and 
iodobenzene. Marked association is exhibited by the elements in 
the  liquid condition. T. H. P. 
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Comparative Adsorption of Sucrose, Inulin, and Dextrin. 
M. A. RAKUZIN ( J .  Russ. Phys. Chem. SOC., 1916, 48, 1319-1324). 
-The author’s previous work indicates that  the necessary condi- 
tions for  every adsorption include the colloidal state of the ad- 
sorbed substance and adsorbent, the only case observed in which a 
crystalline substaace is irreversibly adsorbed by a colloidal ad- 
sorbent being that of the solid paraffins of naphtha by aluminium 
hydroxide, floridin, etc. 

I n  order to test the accuracy of Freundlich’s rule, that  adsorp- 
tion is prevented by a tendency to dissociation and by an accumu- 
lation of hydroxyl groups, the author has now carried out experi- 
ments on the adsorption of sucrose, inulin, and dextrin. The results 
show that this rule holds only for  crystalline carbohydrates, such 
as sucrose and inulin; colloidal carbohydrates, on the other hand, 
are well adsorbed by both aluminium hydroxide and animal char- 
coal, and in the case of dextrin (commercial “dextrinum purissi- 
mum ”) both these adsorptions are irreversible with respect t o  boil- 
ing water. Further, both adsorptions are quantitative ; animal 
charcoal adsorbs 8.04% of P-achroodextrin and aluminium hydroxide 
16.02% of products intermediate to P- and y-dextrins. The above 
commercial dextrin is found to be a mixture of maltodextrin with 
8-achroodextrin and products intermediate to fl- and y-achroo- 
dex trin s. T. H. P. 

The Osmotic-Kinetic Theory of Dilute Solutions. K A R L  
JELLINEK (Zeitsch. physikal. CiLem., 1917, 92, 169-212).-A theo- 
retical paper in which the osmotic theory of solutions is examined 
from the kinetic point of view. It is shown that the van der 
Waals’s equation may be employed ‘in the derivation of the relation 
between the osmotic pressure, the concentration, and the tempera- 
ture and of the laws regulating the lowering of the vapour pressure 
and the freezing point and the raising of the boiling point. The 
assumptions made in the theoretical treatment are (1) additivity 
of thq volumes of solvent and solute, (2) additivity of the volume 
correction factor b . H. M. D. 

Calculation of the Coefficient of Diffusion of a Salt at a 
Definite Concentration. A. GRIFFITHS (PTOC. PZysicaZ SOC., 
1917, 29, 159--162).-1t is shown that the coefficient of diffusion 
may be calculated without a knowledge of the exact relation 
between the density and the concentration of the solution. The 
method of calculation adopted by Clack (compare A., 1915, ii, 45) 
is thereby justified. H. M. D. 

Osmotic Preasure: its Relation to the Membrane, the 
Solvent, and the Solute. FRANK TINKER (PhiZ. Mag., 1917, [vi], 
33, 428--450).-A theoretical paper in which the author discusses 
the relation of osmotic pressure to the solvent, the solution, and the 
semipermeable membrane. It is assumed that the pressure of each 
component in the interior of a fluid mixture is inversely propor- 
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tional to the free space available to the molecules, and that the 
exact relation between the partial pressure of the component and 
the free space per molecule is given by the equation-partial pres- 
sure x available free space p0r molecule of the oomponent = R T. 
Dissociation and association of the solute and solvent and com- 
bination between them are also supposed to  be excluded. 

By making use of the Dieterici equation of state it is shown 
that  two ideal solutions of equal molar concentration are in osmotic 
equilibrium, that  this equilibrium does not obtain if one 
solution is ideal and the other not, although the solutions may be 
equally concentrated, and that osmotic equilibrium between non- 
ideal solutions is possible only when the solutions have equal heats 
of dilution. 

The general equation connecting the osmotic pressure with the 
vapour pressures of solvent and solution, both supposed to be a t  
atmospheric pressure, reduces for dilute solutions to the form 
PV= RT + q, in which V is the volume of solution containing 1 mol. 
of solute and q is a measure of the heat change on dilution. This 
equation has already been given by Bancroft (A., 1906, ii, 523). It 
follows that  the osmotic pressure of a dilute solution is given by 
the simple gas equation only when the solution has mro heat of 
dilution. If the heat of dilution is positive, the osmotic pressure is 
abnormally high, whilst i f  the heat of dilution is negative the 
osmotic pressure is abnormally low. 

Consideration of the compressibility relationships shows that the 
free space within a dilute solution having zero heat of dilution is 
equal to RTB, where B is the coefficient of compressibility. Since 
the pure solvent is the limiting case of a dilute solution, this rela- 
tion must hold for pure liquids. H. M. D. 

Pervapor at ion, Per stillat ion, and Percryst allisation. 
PHILIP ADOLPH KOBER (J .  Amer. Chem. Soc., 1917, 39, 944-948). 
-Collodion and parchment membrane containers permit water to 
evaporate through the walls as though no membrane were present. 
This phenomenon is termed pervaporation. Distillation by means 
of pervaporation is termed perstillation, and can be carried out a t  
ordinary pressures with low temperatures, as well as in a vacuum. 
When a dialysable constituent of a liquid within these containers 
reaches saturation, crystallisation usually takes place on the out- 
side of the container; this is termed percrystallisation. A number 
of experiments are described to show the nature of these pheno- 
mena; thus it is shown that  in twenty-four hours 325 C.C. of a 
solution containing serum albumin and 25 C.C. of toluene had lost 
all its water a t  37O when closed in a collodion container. Also per- 
vaporation occurs so rapidly when water is placed in a closed 
collodion vessel and heated by a Bunsen flame that the liquid 
sinks in the vessel perceptibly, like a slowly emptying burette. It 
is also shown that i t  is not possible t o  raise the temperature of 
water in such a container above 9 2 O  when a Bunsen is used as the 
source of heat. The cause of these phenomena is discussed and 
tentative hypotheses are put forward to explain them. J. F. 8, 
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Crystal Structure and Chemical Valency. J. BECKENKAMP 
(Centr. Min., 1917, 97--110).-1f the Sohncke theory of p i n t  
systems be rigidly applied to crystals, the conceptions of molecule 
and valency in such structures become meaningless. I n  the struc- 
tures put forward by W. H .  and W. L. Bragg for rock-salt and 
sylvine, the atoms of the two kind:: form an  interpenetrating point 
system, and no molecules are distinguishable. The author shows 
tha t  in the structures which he  has already put  forward for 
various minerals, for example, fo r  quartz, the individuality of the 
molecule is preserved. The author supposes the distances 
between atoms in the structure to be determined by the positions 
of nodes formed by the interference of radiation waves from the 
respective atoms, the wave-lengths being a function of the atomic 
weights. H e  concludes, from the relative atomic weights of sodium 
and chlorine, t ha t  the ultimate structure of a crystal of rock-salt 
has a triclinic character, bu t  tha t  by a species of submicroscopic 
twinning a pseudo-regular structure is built up  indistinguishable 
from a truly cubic one. The Bragg structure gives merely the 
average position of the atoms. 

A similar conclusion has been reached by J. Stark (Jnhrb. 
Rcrd’iocrktiv. EZektronik, 1915, 12, 280) from considerations of 
electro-affinity. H e  considers it impossible tha t  intramolecular 
liiikings can be destroyed in the crystal, but finds tha t  in a struc- 
tu re  of sodium and chlorine ions (rock-salt) there will be formed 
complexes having an  axis of hemimorphous tetragonal symmetry. 
By the twinning of such complexes, a quasi-homogeneous mass 
having holohedral cubic symmetry results. E. H. R. 

Results of Crystal Analysis. IV. The Structure of 
Ammonium Iodide, Tetramethylammonium Iodide, and 
Xenotime. L. VEGARD (Phil. Mag., 1911, [vi], 33, 395-428. 
Compare A., 1916, ii, 405, 593).-The results obtained in the 
X-ray spectroscopic examination of crystals of ammonium and tetra- 
methylammonium iodides indicate tha t  the existence of a simple 
relation between the topic parameters does not necessarily involve 
any very simple relation between the  lattices. It is shown tha t  
the morphotropic relationship cannot be explained by replacement 
of the hydrogen atoms in ammonium iodide by tetragonally 
arranged carbon atoms. The observations show, in fact, t ha t  the 
iodine and nitrogen lattices are not only quite differently arranged, 
bu t  tha t  the elementary lattice of tetramethylammonium iodide 
contains two molecules, whilst tha t  of ammonium iodide contains 
four molecules. 

Further investigation of the  structure of xenotime has shown 
tha t  the atoms of xenotime are arranged in a lattice of the zircon 
type, and the  previously expressed opinion (compare Zoc. c i t . )  t ha t  
the  lattice systems are of different type can no longer be main- 
tained. The conception of xepotime as a phosphate, YPO,, is 
accordingly not in accordance with the crystalline structure, which 
suggests t ha t  the constitmution of the substance in the crystalline 
form is tha t  represented by YO,PO,. H. M. D. 
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Mixed Crystals, CARLO VIOLA (At t i .  R. Accad. Lincei, 1917, 
[v], 26, i, 195-207. Compare this vol., ii, 79, 80).-The author 
now proceeds t o  examine the equilibrium contact conditions 
between a mixed crystal and the amorphous phase from which it 
originates. This problem is solvable by means of the data required 
t o  prove Curie’s law, according to which the growths perpendicular 
t o  the faces of a crystal are directly proportional to their respective 
capillary constants. 

The mixed crystal is composed of two constituents, tha t  is, of 
two crystals in intiinate contact in their smallest parts. It will 
be in equilibrium with the  amorphous phase, which contains the 
same constituents, b u t  usually in different, proportions, when (1) 
the  proportion between the two components does not alter, 
although the  total mass changes in correspondence with Gibbs’s 
phase rule, ( 2 )  when the surface energy is a minimum in corre- 
spondence with the least action, and (3) when the total volume of 
the  mixed crystal does not vary, the only possible variation being 
in the form. 

It is shown analytically tha t  the mean growths perpendicular 
t o  the  faces of t he  mixed crystal are directly proportional to the 
mean capillary constants of the  two components. From this i t  
follows t h a t  t he  normal figure of a mixed crystal is the mean of 
the normal figures of the crystals composing it in the proportions 
in which these are found in the mixed crystal. It is shown further 
t ha t  the total surface energy is always directly proportional to 
the  total volume of the mixed crystal, this being Curie’s law, and 
tha t  the difference in the surface energies of the components is 
directly proportional t o  the difference in the volumes a t  every 
instant of the growth, no matter what the  relation between the 
components of the mixed crystal. Isomorphous crystals a re  
defined as those having the same structure and the same surface 
density, and therefore exhibiting continuous miscibility between 
limits which include the mean miscibility. Various examples are 
considered in order to illustrate the significance of the inclusion 
in the above definition of the idea of mean miscibility. 

T. R. P. 

Mathematical Theory of the Kinetics of the Coagulation 
of Colloidal Solutions. M. VON SNOLUCHOWSKI (Zeitsch. physikal .  
Chem., 1917, 92, 129-1 68).-Inductive methods applied to the 
available data on the kinetics of coagulation processes have not 
led to any satisfactory theory of the  coagulation process, and this 
is largely attributed to the  circumstance tha t  the properties of t h e  
colloidal solutions which have been investigated in this connexion 
do not afford a satisfactory indication of the progress of the 
coagulation. 

A n  attempt is made t o  build up a theory of the phenomenon 
by deductive methods. It is assumed tha t  the colloidal particles 
attract  one another in virtue of capillary forces when the distance 
between them is sufficiently small. That this attraction does not 
lead t o  combination i n  normal circumstances is due to the pro- 
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tective action of the electrical double layer surrounding the 
particles. On the addition of an electrolyte, ion adsorption occurs 
and the double layer is partly or completely eliminated, with the  
result that  the colloidal particles combine to form larger aggre- 
gates under the influence of the capillary forces. The Brownian 
motion of the particles only comes into play as a factor in coagu- 
lation in so far as it facilitates the approximation of the particles, 
and thus indirectly affects the operation of the capillary and 
electric forces. 

Formuh are derived for the  course of an ideal coagulation 
which are found to be in satisfactory agreement with previous 
observations on the kinetics of coagulation processes. In  regard 
t o  the influence of the concentration of the colloid on the rate of 
coagulation, these formulze are comparable with equations for 
ordinary chemical reactions of the second order. 

Rapid coagulation processes and chemical reactions may be 
regarded as opposite and extreme cases of the ideal coagulation 
processes which are more particularly considered in connexion 
with the author’s theory. Whilst the former can be regarded as 
determined solely by diffusion factors, it would seem that ordinary 
chemical reactions involve some unknown factor, the effect of 
which is to reduce the number of collisions which result in chemical 
interchange to a very small fraction of the total number of the 
molecular collisions. H. M. D. 

Protective Colloids. VIII. Tubera Salep as Protective 
Colloid. 2. Colloidal Silver. A. GUTBIER and NORA RRAUTLE 
(Kolloid Zeitsch., 1917, 20, 123-127. Compare this vol., ii, 244). 
-The preparation of colloidal aolutions of silver by the action of 
sodium hyposulphite in presence of extract of Tubera Salep as 
protective colloid is described in detail. The silver sols thus 
obtained are of great stability, and this stability does not seem to 
be affected by the fact that  the colour of the solutions in trans- 
mitted light varies with the conditions. H. M. D. 

Protective Colloids. VIII. Tubera Salep as Protective 
Colloid. 3. Colloidal Arsenic. A. GUTBIER and NORA 
KRXUTLE (Rolloid Zeitsch., 1917, 20, 186--194).-Experirnenta 
are described in which the authors have examined the protective 
action of extracts of various plant. colloids on colloidal arsenic 
prepared by the reducing action of sodium hyposulphite on slightly 
acidified solutions of arsenious oxide. The protective action is 
very marked, and it has been found possible to obtain by evapora- 
tion solid colloids containing about 3% of arsenic which are com- 
pletely soluble in water. 

According t o  observations on the colour, the protected solutions 
of colloidal arsenic are not appreciably influenced by the addition 
of hydrochloric acid, sulphuric acid, sodium chloride, and barium 
chloride, whereas sodium hydroxide and sodium carbonate change 
the colour from dark brown to light yellow. H. M. D. 
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Protective Colloids. VIII. Tubera Salep as Protective 
Colloid. 4. Colloidal Antimony. A.  GUTBIER and NORA 
KRAUTLE (KoZEoid Zeitsch., 1917, 20, 194--198).-Colloidal solu- 
tions of antimony, prepared by the action of sodium hyposulphite 
on a solution of potassium antimoniate acidified slightly by the 
addition of tartaric acid, are found to have their stability con- 
siderably increased in presence of the extract of Tubera Salep. 
The dialysed solutions may bs evaporated to give solid colloids 
containing about 10% of antimony which dissolve completely in 
water. The stability of the protected solutions is not affected by 
the addition of acids and neutral salts, but alkalinity reduces the 
stability to a large extent. I n  this respect, the behaviour of the 
colloidal antimony solutions rasembles that  of solutions of the 
protective colloid. H. M. D. 

L. VANINO 
(Kolloid Zeitsch., 1917, 20, 122).-The addition of small quanti- 
ties of the sodium salt of anhydromethylenecitric acid ( ‘ f  citarin ”) 
to solutions of gold, silver, and other metallic salts results in the 
formation of colloidal solutions of the respective metals. The 
colloidal gold solutions are red in colour, although violet-blue 
solutions are usually obtained by the action of other reducing 
agents. H. M. D. 

Theory of Emulsification based on Pharmaceutical 
Practice. LEO ROON and RALPH E. OESPER (J. Ind.  E‘ng. Chem., 
1917, 9, 156--161).-The authors review briefly the theories of 
emulsification which have been advanced, and the methods em- 
ployed in pharmaceutical practice f or the preparation of emulsions. 
The present work was confined to the study of acacia and soap 
emulsions, and reveals the existence of definite critical points of 
emulsification, depending on the quantities of internal phase and 
of emulsifier, the nature of these two factors, and the procedure 
followed in the preparation of the emulsion. The results, in agree- 
ment with Fischer’s theory, indicate that the presence of a hydration 
compound of the nature of a hydrated colloid is necessary for emul- 
sification, and that the best emulsion is produced when this hydra- 
tion compound is formed a t  the moment of dispersion of theinternal 
phase; in other words, emulsifier, water, and oil in critical propor- 
tions must all be mixed together a t  once in order to form a properly 
hydrated nucleus, which mag then be diluted. This is in 
accord with the usual pharmaceutical practice. No emulsion results 
if the emulsifier (gum acacia or  soap) is diluted before the disper- 
sion of the internal phase. Emulsion nuclei of one composition act 
as stabilisers or emulsifiers respectively for incomplete emulsions 
of other compositions, or for other internal phases. 

In-, Uni-, and Bi-variant Equilibria. XIV. F. A. H. 
SCRREINEMAKERS (Proc. II. Akad. IVetensch. Amsterdam, 1917, 19, 
927-932. Compare this vol., ii, 195).-A discussion of the rela- 
tions exhibited by systems in which three indifferent phases co-exist. 

The Use of Citarin in Scientific Chemistry. 

G.  F. M. 

H. M. D. 
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Equilibrium in the System : Mercuric Iodide-Pyridine. 
J. HOWARD MATHEWS and PHILIP A. RITTER ( J .  Physical Chem., 
1917, 21, 269-274).-The solubility of mercuric iodide has been 
determined in pyridine a t  temperatures between - 50° and + 98.5O. 
Over this range of temperature the solubility changes regularly 
from 1.95% mercuric iodide in the solution to 65.30%. It is shown 
that  the saturated solution a t  all temperatures is in equilibrium 
with the compound HgI2,2C,H,N, and this is the only compound 
which exists between these limits. It crystallises, however, either 
in long, monoclinic needles o r  in short, monoclinic prisms, but there 
appears to be no definite transition point between the two forms. 

J. F. S. 

Velocity of Reaction in Heterogeneous Systems and Size 
of Granules. EMIL PODSZUS (Zeitsch. physikal. Chenz., 1917 
92, 227--237).-1t has been found that  certain oxides, which in 
ordinary circumstances are unacted on by hydrochloric acid, are 
dissolved by this reagent t o  a very appreciable extent when the 
oxides are reduced to a fine state of subdivision. The experiments 
were made with aluminium oxide, thorium oxide, and zirconium 
oxide, and in each case the oxide is dissolveld when the diameter of 
the particles is of the order l p .  The results recorded show the 
progress of the dissolution when the ooncentration of the acid and 
the temperature are kept constant, and, ,  further, the influence of 
variation in the acid concentration. It would seem that  oxidm 
which are apparently insoluble in acids may be dissolved provided 
the size of the particles is sufficiently reduced. 

The observations cannot be explained in terms of the diffusion 
theory, and in consideration of the small size of the particles i t  is 
not surprising that  the behaviour should deviate from that  which 
has been found associated with reactions in heterogeneous systems. 
Although the size of the particles of a substance is known to have 
a considerable influence on many of its properties, including the 
solubility, i t  does not seem possible to account for  the observed 
facts on this basis. H. M. D. 

The Influence of Pressure on the Ignition of a Mixture of 
Methane and Air by the Impulsive Electrical Discharge. 
RICHARD VERNON WHEELER (T., 1917, 11 1, 411-413. Compare 
ibid., 130).-Further experiments on the influence of pressure on 
the energy of the igniting current have been made a t  pressures 
greater than atmospheric. No evidence of ‘‘ stepped ignition ” is 
shown by the results obtained a t  pressures varying from 500 to 
5000 mm., the curve obtained by plotting the igniting current 
against. the pressure of the gaseous mixture being perfectly continu- 

When a spark-gap of 1 mm. was employed a t  pressures somewhat 
higher than atmospheric, i t  was found that  the least discharge 
which could cross the gap caused ignition of the mixture. By using 
a smaller spark gap (0.25-0.5 mm.), however, i t  was possible to 
make the observations required. This factor offers a possible ex- 

ous. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
17

. D
ow

nl
oa

de
d 

on
 2

8/
10

/2
01

4 
14

:3
7:

39
. 

View Article Online

http://dx.doi.org/10.1039/ca9171205281


GENERAL AND PHYSICAL CHEMISTRY. ii. 301 

planation of the  divergent results obtained by Thornton (compare 
A., 1914, ii, 834), the  suggestion being tha t  his data disclose merely 
the  influence of the  pressure! on the facility with which the! dis- 
charge passes across the  spark gap. 

Velocity of Decomposition and the Dissociation Constant 
of Nitrous Acid. PRAFULLA CHANDRA RAY, MANIK LAL DEY, and 
JNANENDRA CHANDRA GHOSH (T., 1917, 111, 413--417).-Solutions 
of nitrous acid a re  readily obtained by the interaction of equivalent 
solutions of barium nitrite and sulpliuric acid. Measurements of 
t he  rate of decomposition of nitrous acid solutions show tha t  the 
reaction proceeds in accordance with the  equation f o r ,  a unimole- 
cular change, t h e  velocity-coefficients a t  Oo, 2l0, and 40° being 
0.00014, 0.00022, and 0.00057 respectively. According to conduc- 
tivity data, the ionisation constant of the acid a t  Oo is 6.0 x 

The most concentrated solution of nitrous acid which could be 
obtained a t  Oo by the  above method was 0.185N. 

H. M. D. 

H. M. D. 

Reduction of Mercuric Compounds. G. A. LINHART and 
E. Q. ADAMS ( J .  Amer. Chem. SOC., 1917, 39, 948-950).-1n pre- 
vious papers Linhart has shown tha t  the  velocity of the reduction 
of mercuric chloride by phosphorous acid and by sodium formate 
follows the  equation for a reaction of t he  second order, and not 
t h a t  of a reaction of t he  third order (A*, 1913, ii, 490; 1915, ii, 91). 
I n  the  present paper it is shown tha t  the  reduction of mercuric 
compounds may be represented as going first directly to mercury 
or  some substance which behaves like mercury, and then, if condi- 
tions permit, to mercurous compounds. This manner of repre- 
sentation accounts for the  fact t ha t  the reaction is bimolecular, so 
f a r  as concerns the kinetics of t he  reaction, and it removes the 
necessity for specific explanations f o r  each reducing agent. 

J. F. S. 

Studies on the Walden Inversion. V. The Kinetics and 
Dissociation Constant of a-Bromo-P-phenylpropionic Acid. 
GEORGE SENTER and GERALD HARGRAVE MARTIN (T., 1917, 111, 
447-457).--According to  conductivity measurements a t  25O, the 
ionisation constant of a-bromo-P-phenylpropionic acid is 0.001 72. 
The limiting conductivity of the  sodium salt is Am r79 .0 ,  from 
which the mobility of the anion is 28 and A, for the acid 375. 

The kinetics of the displacement of bromine by hydroxyl have 
been investigated according to methods described previously (com- 
pare T., 1915, 107, 908; 1916, 109, 690). Both the1 frefe bromo- 
substituted acid and its sodium salt give a t  50° almost exclusively 
t h e  corresponding hydroxy-acid, bu t  in presence of sodium hydr- 
oxide this reaction is accompanied by the  formation of a consider- 
able proportion of cinnamic acid as a result of the  elimination of 
hydrogen bromide from the  bromophenylpropionic acid. 

Comparison of the velocity-cclelfficients obtained in experiments 
with solutions containing (1) the  free acid, (2) its sodium salt, 
(3) the  free acid with the addition of nitric or beiizenesulphonic 
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acid, shows that the reaction measured is the action of water on the 
CH2Ph*CHBr*C0,’ ion. The non-ionised acid reacts with water 
much less rapidly a t  50°. 

The temperature-coefficient of the reaction is probably the highest 
yet observed for a pseudo-unimolecular reaction, the velocity becom- 
ing 4.6 times as great when the temperature is increased by loo. 

When the data for a-bromo-/3-phenylpropionic acid are compared 
with results obtained for  a-bromopropionic acid, it is found that the 
bromine is acted on less rapidly in the firsLmentioned acid. This 
is not in accord with previous observations relative to  the influence 
of the phenyl group in such reactions. 

A New Method for the Measurement of the Velocity of 
Crystallisation of the Metals. J. CZOCHRALSKI (Zeitsch. 
physilccrl. Chem., 1917, 92, 219--221).-The method depends on the 
deterniination of the maximum velocity with which a thin, crystal- 
line thread of the metal may be drawn continuously from a bath of 
the liquid metal. The maximum velocities found for tin, lead, and 
zinc at  their respective melting points were respectively about 90, 
140, and 100 millimetres per minute. 

H. M. D. 

H. M. D. 

Studies in Catalysis. VI. The Mutual Influence of Two 
Reactions proceeding in the same Medium. ROBERT OWEN 
GRIFFITH, ALFRED LAMBLE, and WILLIAM CUDMORE MCCULLAGH 
LEWIS (T., 1917, 111, 389--395).-1n view of the disagreement 
between the results obtained by previous observers, further investi- 
gation has been made of the change in the velocity-coefficients of 
the inversion of sucrose and the hydrolysis of methyl acetate when 
the two reactions take place in the same solution. I n  presence of 
methyl acetate, the rate of inversion of sucrose is a t  first slightly 
diminished. With increasing ester concentration the velocity-coeffi- 
cient passes through a minimum value, the subsequent increase 
being attributed to the diminution in the negative catalytic effect 
of water which is displaced on addition of the ester. 

The presence of sucrose increases the rate of hydrolysis of methyl 
acetate, but when a correction is made for the influence of the 
displaced water, it appears that  sucrose is a feeble negative cata- 
lyst. H. M. D. 

Studies in Catalysis. VII. Heat of Reaction, Equilib- 
rium Constant, and Allied Quantities from the Point of 
View of the Radiation Hypothesis. WILLIAM CUDMORE 
MCCULLAGH LEWIS (T., 1917, 111, 457-469. Compare T., 1916, 
109, 796).-The idea that molecules become reactive when the 
energy content reaches a certain critical value is shown to be 
quite compatible with the fact that  the reaction involved may be 
exothermic or endothermic. By considering the case of a uni- 
molecular reversible reaction, it is shown that the heat of the 
reaction a t  constant volume, Qv, is connected with the critical 
increments of the two kinds of molecules by the equation 
+ Q,, = E, - El. By introduction of the quantum hypothesis, t,his 
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assumes the form -Qv=Nh(vl-v2),  in which N is the Avogadro 
constant, h Planck’s constant, and vl and vg the critical frequencies 
of the reacting and resulting molecules. This relation has been 
previously derived by Haber from the consideration of a somewhat 
special case. 

From a consideration of the magnitude of the heat effects accom- 
panying chemical reactions, it is shown that the mean internal 
energy of the molecules is in many cases much greater than can 
be accounted for by the temperature, and the conclusion is drawn 
that the energy content is large even a t  absolute zero. The 
temperature a t  which an uncatalysed reaction first proceeds with 
measurable velocity gives some idea of the magnitude of the energy 
quantum which is required to bring the molecules of a substance 
into the reactive condition. 

The radiation hypothesis is applied to bimolecular reactions, and 
expressions are derived for the velocity-coefficient and the influence 
of temperature on the velocity. It is inferred that the higher the 
order of a reaction, the greater is the probable value of its 
tempera ture-coefficient. 

Formation of intermediate compounds will have an influence on 
the magnitude of, the velocity-coefficient, but the rate oi change 
of this with temperature will not be affected if catalytic influences 
are excluded. H. M. D. 

Evolution of the Elements and the Stability of Complex 
Atoms. A New Periodic System which shows a Relation 
between the Abundance of the Elements and the Structure 
of the Nuclei of Atoms. WILLIAM I>. HARKINS (J. Amer. Clzern. 
SOC., 1917, 30, 856-879).-A theoretical paper. I n  previous 
papers (A., 1916, ii, 240) it is shown that elements are very prob- 
ably interatomic compounds of hydrogen, and that one of the first 
steps in the formation of a complex atom is the change of hydrogen 
into helium. On this hypothesis, the elements are found to fall 
into two series: the series of even atomic number, beginning 
with helium and having the general formula nHe’, and the series 
of elements with odd atomic numbers, beginning with lithium and 
having the general formula nHe’+Hlg. If the elements actually 
belong to these two series, as the hypothesis indicates, it is to  be 
expected that the properties of the elements of the two series 
should indicate the differences between them. This has been 
shown, from the interpretation of the atomic weights in the light 
of the disintegration of the radioactive elements, to  be the case, 
and consequently evidence of the validity of the present hypothesis 
is thus furnished. Further evidence is now put forward which is 
in complete accord with the system. The ordinary periodic system 
of the elements seems to be a relationship which expresses in a 
graphic way the variations in the arrangement and the number 
of the external electrons, especially the valency electrons, in the 
atom, which finds its expression in the chemical and physical 
properties of the elements. The hydrogen-helium system is most 
fundamentally related to the structure of the nuclei of the atoms, 
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and this structure should not affect the arrangement of the 
external electrons if the nucleus is extremely minute, since this 
arrangement wouid depend on the number of electrons, which in 
turn depends on the nuclear charge, but not on the internal struc- 
ture of the nucleus except in so far as this structure affects the 
total charge. The structure of the nucleus should, however, affect 
its stability, which would have an expression in the abundance of 
the respective elements. There is another factor, too, which would 
have an effect on the abundance, and that is the relative abund- 
ance of the special materials used in the formation of the element 
in question. 

The abundance of the elements in the earth’s crust might seem 
t o  give the best information in this respect i f  it were not known 
that the surface of the earth has been subjected t o  very long-con- 
tinued differentiative processes, and so has a very local character. 
The meteorites, on the other hand, come from much more varied 
positions in space, and at  the same time show much less indication 
of differentiation. I n  the meteorit,es, the elements of even atomic 
number are on the average about seventy times more abundant 
than the odd-numbered elements, and, moreover, if the elements 
are plotted in order of their atomic numbers, i t  is found that the 
even-numbered elements are in every case very much more 
abundant than the adjacent odd-numbered elements. Almost 
more striking than this is the fact that the first seven elements in 
the order of their abundance are all even numbered, and, further- 
more, make up 98.78% of the material. Both ths  iron and stone 
meteorites separately show just these same relations, whether the 
percentages are calculated as atomic or by weight. Thus the 
stone meteorites contain 97.6% and the iron meteorites 99.276 of 
even-numbered elements. It is 1 emarkable, too, that the highest 
percentage found for any odd-numbered element in any class of 
meteorites is 1*53%, whilst among the even-numbered elements 
larger percentages are common, and range up to 90.6%. In  the 
lithosphere, whilst the relationship is not so striking, the even- 
numbered elements are still seven to ten times as abundant as 
those which are odd, depending on whether the calculations are 
made by weight or by atomic percentage. Among the rare earths, 
the even-numbered elements are the more abundant. Among the 
radioactive elements, the odd-numbered element is in each case 
either of a shorter period than the even-numbered, or else is as 
yet undiscovered. Five elements are as yet unknown, and these 
are all odd-numbered. The elements of low atomic number are 
found to be very much more abundant than those of higher atomic 
number, both in the meteorites and on the earth. Thus the first 
twenty-nine elements make up about 99*9:! of the material, whilst 
the remaining sixty-three are either extremely rare or compara- 
tively rare. Of the first twenty-nine elements, those with atomic 
numbers between 6 and 28 include nearly all the material. 
The above-mentioned results seem to show that the elements fall 
into two series, as predicted from the helium-hydrogen structure 
previously described (7oc. cit.).  The variation in the abundance 
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of the elements as found would seem to be the result of an 
inorganic evolution, which is entirely independent of the Mendeleev 
periodic system. The formation of the elements seems t o  be, how- 
ever, related to the atomic number. The influence of segregation 
on the composition of the lithosphere is discussed, as well as the 
effect of the stability of the atoms on their formation. The 
hydrogen-helium structure of the atoms would theref ore seem to 
be a theory based on evidences as firm as a large number of the 
generally accepted theories of chemistry and physics, since predic- 
tions made in connexion with it have been so strikingly verified. 
This theory establishes to  some extent a normal average composi- 
tion for material, and in consequence i t  should have an important 
bearing on the history of the differentiative processes which have 
taken place on the earth, and its applications to geology should 
be far-reaching. J. F. S. 

H. J. HOLGEN (Chem. Weekblnd, 1917, 14, 
400406).-A historical account of alchemy as practised in China, 
mainly with the object of discovering an “Elixir of Life.” 

Chinese Alchemy. 

A. J. W. 

[New Type of Condenser.] H. P. FISHBURN (J. Amer. Chena. 
SOC., 1917, 39, 1074).-A piece of apparatus is described which 
will serve as a simple condenser when long-necked flasks are used 
for reflux work. The condenser consists of a thin-walled glass 
tube about 0.3 cm. less in diameter than the neck of the flask 
with which it is t o  be used. This tube is slightly enlarged 
at  the top and tapered toward the bottom, so that when placed 
in the neck of the flask it is supported by the enlargement and 
leaves a space of 0.15 cm. in between the two surfaces. Into 
the top of the tube a narrow glass tube, which reaches to the 
bottom of the wider tube, is fused, and an outlet tube is sealed 
by the side of this a t  the top. When water circulates through the 
apparatus, a fairly efficient condenser is produced. 

GEORGE W. MOREY (J. 
W a s h i n g t o n  A cad. Sci., 1917, 7, 205--208).-The bomb of the 
aut,oclave is made from a piece of 8-7  cm. pipe, the lower end of 
which is closed by welding on an iron bottom. The upper end is 
closed by the cover, the outer rim of which presses against an 
inner shoulder on the outer shell, which is made from 10 cm. pipe. 
Closure is effected by compression of a gold wire washer, pressure 
being applied by a bolt threaded through a cross-bar fixed t o  the 
lower end of the outer shell. 

The autoclave has given highly satisfactory results in experi- 
ments with aqueous solutions up to 300O. It is said t o  be superior 
to other forms of autoclave in ease of construction, in manipula- 
tion, and in certainty of closure. 

J. F. S. 

A Convenient Form of Autoclave. 

H. M. D. 
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